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Warp ﬂoatAbstract This study shows the effect of fabric tightness and fabric material on the mechanical
properties of fabric–cement composites. Six fabric designs from the same fabric material were used.
These fabric designs are vary in the speciﬁc tightness. Also, three fabric materials with the same fab-
ric design were used in this work. Different sets of specimens were made, after that these specimens
were tested on tensile and bending testing machines. It was found that the mechanical properties of
the composite materials were inﬂuenced by the length of the warp thread ﬂoat, i.e. the longer is the
yarns ﬂoat in the fabric, the greater is the tensile strength properties of the reinforced fabric, its con-
struction and the material of the reinforced fabric. Therefore, it is recommended to use fabric with
yarns with higher tenacity in the direction of the application of load and with either long ﬂoat or
minimum number of intersections.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Faculty of Engineering, Alexandria
University.1. Introduction
The composite structures have been used by the ancient civiliza-
tions. However, over the past two decades advanced composites
have been developed to the state where they are now routinely
used alongside with the engineering materials in a wide variety
of applications [1], [2] due to their high speciﬁc strength, high
speciﬁc modules and low thermal expansion coefﬁcient among
others. The use of textile fabrics as reinforcement for cement
and concrete elements is gaining increase interest in recent yearsfor various applications such as thin elements, lightweight prod-
ucts, repair, strengthening, and pre-stressed concrete compo-
nents [3], [4]. Civil engineers and the construction industry
have begun to realize the potential of textile composites as
strengthening material for many problems associated with the
deterioration of infra-structures. These types of fabrics have
been produced on different conventional and developed textile
machines such as weaving machines, knitting machines, and
sewing machines [5]. Unreinforced cement-based products are
brittle, having high compressive strength but low tensile
strength and low toughness. One of the method to improve
the tensile strength, ﬂexural strength, and toughness of thin
cement-based elements is by adding ﬁber reinforcement, and a
wide range of ﬁber types can be used for reinforcement in
cement-based materials that was stated by Peled et al. [4].
Recently, several researchers reported very promising results
of cement-based products reinforced with fabrics. In addition
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lent anchorage and bond development [6]. Peled and Mobasher
[6] found that the ﬂexural strength of cement-based composite
products with low-modulus polyethylene (PE) fabrics is almost
two times higher than the strength of composites reinforcedwith
straight continuous polyethylene yarns. In addition to the
improved strength, these fabric-reinforced composites exhibited
strain-hardening behavior even though the reinforcing yarns
had low modulus of elasticity [6]. Several investigators [7–10]
indicate the effect of the type of fabric as well as the material
on the mechanical properties.
The objective of this work was to study the reﬂection of the
fabric structure and their mechanical properties on the fabric–
cement composite.
2. Materials and methods
The properties of the ﬁnal product as fabric–cemented com-
posites depend mainly on fabric material and fabric design,
therefore six fabric designs of the same fabric material were
woven. These fabric designs vary in their speciﬁc tightness.
Three fabric materials (cotton fabric, high tenacity polyester
HTPET fabric and Polypropylene PP fabric) with the same
fabric design were also used in this work to show the effect
of the fabric material on the mechanical properties of the
fabric–cement composites and the ﬁnal mechanical properties
will be measured to show if inﬂuenced by the fabric structure.
2.1. Speciﬁcation of the fabric samples
To investigate the effect of the fabric tightness, cotton woven
fabrics with different six fabric designs were used in this work
as given in Table 1.
The above mentioned fabrics have the following
speciﬁcations
6200;
   56  56
24=2  24=2
With total number of ends 3473, reed number 14 and 4 ends/
dent.
The fabrics are produced with constant weight per unit
area; however, the fabric design is different. This will lead to
different values of fabric speciﬁc tightness.
To calculate the speciﬁc tightness for these fabrics in warp
direction the following equation [11] was used.Table 1 Fabric structure speciﬁcations.
Fabric design Length of
ﬂoat/repeat
in warp direction
No. of
intersections/u.
area in warp
direction
Speciﬁc
tightness
Plain weave One pick 64 1
Warp rib
weave 2 * 2
Two picks 32 0.50
Weft rib
weave 2 * 2
One pick 64 1
Twill 2/2 Two picks 32 0.50
8H-satin Seven picks 16 0.25
Honey comb Five picks 34 0.6
Crepe Scattered 46 0.72Specific tightness ¼ specific intersections=inch
2
ðMax: specific intersections=inch2Þplain weave
¼ specific intersections=inch
2
522
To compare the effect of the fabric material properties on the
fabric–cement composite, three different fabrics were used
with the following properties given in Table 2.
2.2. Matrix material
Portland cement, type ‘‘Ordinary’’, CIM.I (42.5 N) produced
by Alex. Portland Cement Company is used with all
specimens.
2.3. Preparations of fabric cement composites
Different types of composite specimens from cement and
fabrics with different types of structure and materials were pre-
pared. These composite specimens were made by hand lay-up
of the fabrics in 4:10 water to cement ratio paste matrix. Three
specimens were made for each type of test according to ASTM
[12] with different dimensions according to the standard test.
These specimens were molded and cured under water at
20 C for up to seven days; the tensile and bending properties
were evaluated.
2.3.1. Dimensions of specimens for tensile test
All specimens for tensile test were 5 mm thickness, with lengths
and widths of 150 and 25 mm, respectively.
2.3.2. Dimensions of specimens for bending test
All specimens for bending test were 40 mm thickness, with
lengths and widths of 163 and 40 mm, respectively.
2.4. Measurement of mechanical properties
2.4.1. Tensile test of composites
The tensile properties of the fabric–cement composites were
determined; test was carried out on a fabric tensile testing
machine at rate of extension 1 mm/s.
2.4.2. Tensile strength of fabrics
The tensile strength of the used fabrics for cement composites
was measured. Tests were carried out on a fabric tensile testingTable 2 Fabrics properties.
Fabrics speciﬁcations Cotton fabric HTPET fabric PP fabric
Fabric breaking force (N) 615 2950 850
Fabric tenacity (gm/Tex) 23.1 113.5 49
Fabric thickness (cm) 0.023 0.061 0.029
Areal density (gm/m2) 133.33 130 86.66
Warp count (Ne) 47/2 2.4 6.8
Weft count (Ne) 50/2 24/1 6.8
Ends/cm 68 8.2 5
Picks/cm 43 0.8 5
Fabric design Plain weave Plain weave Plain weave
Figure 1 Inﬂuence of fabric speciﬁc tightness on fabric breaking
strength.
Figure 2 (a and b) Fabric–cement composites tensi
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oratory at the Faculty of Engineering, Alexandria University.
2.4.3. Bending test
The ﬂexural properties of the fabric–cement composites were
determined; the test was carried out on a bending testing
machine at a span of 150 mm in Civil Dept., Materials labora-
tory at the Faculty of Engineering, Alexandria University.
3. Results and discussion
The analysis of the results of the fabric–cement composite’s
mechanical properties was found to be a function of the fabric
structure, in particular the fabric speciﬁc tightness. Fig. 1
shows the fabric breaking force as a function of the fabric spe-
ciﬁc tightness.
It is clear from the above mentioned ﬁgure that the higher is
the speciﬁc fabric tightness or, that is, the greater is the numberle stress versus the fabric speciﬁc tightness (ST).
Figure 4 Tensile stress of different types of fabric.
Figure 5 Tensile stress of different fabric–cement composites.
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force of woven fabric. These results can be physically explained
due to that the mobility of yarns in the fabric depends on the
number of intersections and weave ﬂoat which can be gathered
and support each other to share the tensile load applying on
the fabric. Therefore, because of 8-H satin has the lowest spe-
ciﬁc tightness, i.e. the longer ﬂoat with fewer intersections, so it
bears higher tensile strength and its yarns will be more in num-
bers to share the tensile load compare to other weaves. For the
fabrics with the smaller warp ﬂoat and higher number of inter-
sections per repeat lower values of tensile strength were
recorded, as well as the intersection points work as stress con-
centration and gripping points which increase the effect of
loading and decrease the strength required for tensile failure.
3.1. Tensile property of fabric–cement composites
Fig. 2a and b illustrate the effect of tightness of different fab-
ric–cement composites on their tensile stress. The value of ten-
sile stress depends on fabric properties, mainly on breaking
tensile stress which is contingent on fabric structure, as shown
in Fig. 2a. As mentioned above, Fig. 1, the higher is the fabric
speciﬁc tightness the lower will be the tensile breaking strength
of the fabric. Nevertheless, the rate of the decrease in breaking
strength of fabric composite is less than in the case of woven
fabrics. Conversely, in all cases the ratio of (fabric–cement
strength/woven fabric strength) is increased up to 10 times.
As illustrated in Fig. 2b for cement composites, less porosity
of the high tightness fabric prevents the cement to penetrate
between and within the yarn to bind the yarns together increas-
ing the speciﬁc tensile stress; consequently, composite stress is
higher for lower tightness fabric.
3.2. Bending property of fabric–cement composites
The bending properties of fabric–cement composites represent
in some applications an essential factor.
The effect of using one layer of fabric on the composite
bending strength will increase its bending resistance depending
on the type of fabric structure used. This will be the case if we
have fabric of less speciﬁc tightness. If the fabric is tighter a
separation between the layers of cement will occur and delim-
itation phenomenon will take place as well as cracks will
appear at lower loads.Figure 3 Fabric–cement composites bending stress versus the
fabric structures. Figure 6 Bending stress of different fabric–cement composites.
Figure 7 (a–c) Effect of the number of fabric layers on the fabric–cement composites tensile stress of different fabric types.
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ﬂexural strength of fabric–cement composites and indicates
that the ﬂexural performance of fabric–cement composites is
inﬂuenced by fabric geometry. Fabrics with higher speciﬁc
tightness or higher number of intersections per unit area have
the lower ﬂexural strength. This is because of the higher num-
ber of intersections which means that the yarns are more
crimped and the fabric is stiffer. Also it was observed that a
number of cracks appeared even with a small load is applied.
Therefore, the lower is the number of intersections per unit
area the higher will be the ﬂexural strength of fabric–cement
composites as in 8-H satin.
3.3. Effect of fabric material properties fabric–cement composite
With the aim to improve the mechanical properties of the fab-
ric–cement composites three different fabric materials with thesame fabric structure (plain weave) were used. These fabrics
are made of:
1. High tenacity polyester fabric (HTPET).
2. Polypropylene woven fabric (PP).
3. Cotton woven fabric.
3.3.1. Tensile properties of fabric–cement composite
Fig. 4 represents the tensile stress of different types of
fabrics used in this study. It is clear from the ﬁgure that the
HTPET fabric has the highest tensile strength followed by
woven PP fabric, and ﬁnally cotton woven fabric. The tensile
strength of PP fabric is higher than cotton fabric by 9.6%,
while HTPET fabric is higher by 80.9%. This will reﬂect on
the tensile property of the fabric–cement composite made of
them.
Figure 8 Fabric–cement composite tensile stress versus the
fabric number of layers.
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cement composites made from the various types of fabric. It
became obvious that HTPET still has higher tensile strength
than the other materials used, which indicates the reﬂection
of fabric material tensile properties on the fabric–cement com-
posite. The reduction ratio of strength for fabric–cement com-
posite is due to the fact that the pure cement has a very low
tensile strength. The efﬁciency from use of the fabric tensile
strength in fabric–cement composites was the highest when
using HTPET fabric, in comparison with the others by almost
the double.
3.3.2. Bending properties of fabric–cement composites
Fig. 6 indicates that when the cement was reinforced by just
one fabric layer its bending strength gets enhanced. The high-Figure 9 Cracks shape at theest bending stress of the fabric–cement composites is given by
HTPET fabric because it has the highest tenacity among the
other reinforced fabrics followed by the polypropylene fabric
and cotton fabric. The increase in bending stress is obtained
by adding fabric to the cement. This means that adding fabric
to the cement plays a signiﬁcant role as the reinforcement in
the fabric–cement composite while subjected to the bending
stress; however, the fabric with high tenacity will lead to the
increase in the bending strength of the fabric–cement
composite.
3.4. Effect of fabric layers number on the mechanical properties
of the fabric–cement composites
To study the effect of the multi fabric layers on the fabric–
cement composites, samples with one, two, three fabric layers
were tested. These composite specimens were made by hand
lay-up of the fabrics in 4:10 water to cement ratio paste matrix.
The fabric layers were placed in the molding box at equal dis-
tances from each other using a spacer to adjust the spaces
between the layers and tested according to ASTM [8]. These
specimens were molded and cured under water at 20 C for
up to seven days, and the tensile and bending properties were
evaluated.
Fig. 7a–c represent the effect of the number of fabric layers
used on the tensile stress of the fabric–cement composite
formed by the use of different fabrics. In all cases the experi-
mental results indicate that when the number of fabric layers
was increased the tensile strength of the fabric–cement com-
posite increased too reaching the ratio 170% in the case of
using three fabric layers. In spite of the high value of the tensile
strength when using three fabric layer composites, the ﬁrst
crack initiation occurs at much lower force. Fig. 8 shows the
composite stress as a function of the number of layers which
indicates that the relation is linear.
The crack shape is quite different depending on the number
of layers used.failure in the different cases.
Figure 10 Fabric–cement composite bending stress versus the
fabric number of layers.
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ent cases. It is clear, that for the fabric–cement composite
reinforced by one fabric layer the percentage of cracks prop-
agation is less than the percentages in case of the two layers
and the three layers in both widthwise and lengthwise direc-
tions. This can be interpreted due to the delamination phe-
nomenon is more prominent that occur when using multi
layers composites and excessively wide cracks appear. So it
is recommended to use one fabric layer with stronger ﬁbers
than the multi fabric layers.
Fig. 10 illustrates the bending stress of the fabric–cement
composite when using different materials and number of fabric
layers, again the use of high tenacity polyester fabric will
increase the bending stress of the fabric–cement composite.
4. Conclusions
Presented results of the investigations on the effect of fabric–
cement composites; used with different types of the fabric
structure, gave the answer to the question of to which degree
the fabric design affects the tensile and bending strength of
such composite. Addition of the different types of fabric mate-
rials causes changes in strength properties, apart from bending
properties, which are of major importance for a success of fab-
ric–cement composites.The investigations have made it possible to prove that;
1. The value of tensile and bending strength depends on the
fabric tensile properties and its structure, speciﬁcally the
fabric tightness. The higher is the fabric speciﬁc tightness
the lower will be the tensile strength of fabric–cement
composite.
2. Comparison between the different fabrics made of HTPET,
PP, and cotton indicates that higher the tensile strength
value of HTPET fabric has more effectiveness on increasing
the tensile and bending properties of fabric–cement
composites.
3. Preference is given to the use of one fabric layer for the for-
mation of fabric–cement composite with higher tensile
properties and lower fabric tightness.
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